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IH TRODUCE ION 


Of primary importance in the maintenance of an 
effective fighting fleet is the graving dock. It is 
these docks that the major repairs are performed on 
many of the ships of the Navy. 

The entrance closure is an integral part of a 
basin typedock, and the two factors governing its 
design are mobility and strength. It must be mobile 
to allow easy handling in clearing a channel for the 
ships to be floated in and out of the dock. Yet at the 
same time it must have sufficient strength to with- 
stand the hydrostatic pressure of the water on the 
harbor side of the gate after the interior of the 
dock has been pumped dry. Of the several types that 
have proven satisfactory, the United States Navy fave 
ors the floating type of dry dock closures 

As is evidenced by the word caisson, this type 
of closure is essentially a box consisting of intere- 
ior framing and an enveloping skin plating. When this 
type of closure is in position it rests on the supp- 
ort edges ef the dock and is held tightly in place by 
the hydrostatic pressure of the water outside of the 
dock. 

The design of the caisson is 4 particular 





problem faced by the design staff of the Bureau of 
Yards and Docks. Because design of graving docks and 
their appurtenances are a special case, it is a 
subject that is not covered in regular courses at a 
university. Information regarding this subject can be 
found only with those people who are working along 
these lines. 

Recently the Bureau has developed a new method 
of an analysis of the caisson design problem, thes 
is assuming the entire caisson to act as a rectangular 
Slab. Design formulas based on this assumption have 
been developed by Mr. A. Amerikian of the Bureau on 
a theoretical basis. 

the tests in this experiment simulate dry dock 
calsson reactions in that the test specimens are 
Slabs and they are subjected to similar types of 
loading. 

This thesis deals with the determination of the 
deflections of a plexiglas plate test specimen that 
is simply supported on three sides and subjected to 
a hydrostatic load. Each specimen undergoes two 
particular tests, first with the lower corners of the 
specimen unrestrained; secondly with the lower corners 
restrained. Particular attention is paid to the differe 
ence between the deflection patterns and the magnitudes 
of deflection caused by the restraint of bbe lower 
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OBJECT 


The object of this thesis is to determine with 
reasonable accuracy information relnvive to an 
‘analysis of a rectanguler slab simply supported on 
Mires sides and subjected to hydrostatic loading made 
by Mr. A. Amérikian. This analysis has been found to 
give satisfactory results but has boen lacking 
experimental verification. The experimental intcurmation 
herein presented is the measurement of deflections ut 
various points in the specimen fulfilling the bcasi:> 
conditions, of the analysis, that is: 

a) No deflection at the three supports 

b) No moment along the three supports 

c) Transverse moment at the unsupported edge 

is zero 


d) Reaction at the unsupported edge is zero. 
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AT? AREA PES 


The primary piece of apparatus used in this test 
was a welded steel tank, three feet in length. one foot 
wige and one foot deep. The encs, octtom ani one side of 
the tank consisted of one-cigth ssoul plate and the 
front side of the tank was onc-half stesl plate beirg 
made of heavier section because it served as a basis 
for all measurements and necessitated possessicr. or « 
smooth surface as well as adequate resistanzo tr avy 
tendency to warp. Hereaftcr this oneshalf inch fias. 
will be referred to as the reference plate. 

In this reference plate at a distance of one inch 
center to center in both vertical and horizontal 
directions holes were drilled through the plate to 
serve as a basic grid system for all measurements, 

Attached to the inner surface of the reference 
plate were steel knife edges machined to a uniform 
depth and width which served as the supports for the 
test specimen. 

All readings were made with the use of a depth 
micrometer with a least count of one thousandth of an 
inch. 

Test specimens were acrylic plastic that is sold 


under the trade name of Plexiglas, There were two test 
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specimens, one one-half inch and one three-eigths 
inch. The modulus of elasticity of Plexiglas is 


4,0 x 10° to 5.0 x 10° psi and Poisson's Ratio is 


0.55 to 0.35.6 





PROC TE DOWU Ret 


The tank was set up adjacent to the water supply 
and carefully leveled to insure that the hydrostatic 
load be level across the top of the tank, vace the 
tank had been positioned properly thie 320+ snecimen 
was placed in position against the biife edges. 

At this point it might de well to mentiou tas 
considerable difficulty was encountered in sserrsiayv 
aagweverproof joint betwoeor the Plexieiaseaaes Gea 
edges. ft was finally found aster many trisnls that 
the most efficient method of securing a wok jeinat 
was to tape it. Therefore a plastic memorane and 
waterproof tape were used in such a way as to provide 
no hinderence to the movement of the plate under loed. 

Once the plate was positioned and the joint 
prepared to satisfaction the tank was filled slowly 
until the water level in the tank reached the level 
of the top of the test specimen. The load was carefully 
maintained throughout the entire test. 

This same procedure was repeated three times 
for each specimen during each phase of the test. The 
deflections of the plate were measured by means of a 


depth micrometer to the accuracy of one one~thousandth 


of an inch and the mean of three readings recorded. 
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To provide a restraining action to the lower 
corners of the test specimen the main tank was equiped 
with small steel flanges that were bolted to the 
bottom of the tank. Through these flunges a s«t sorcw 
wes positioned wsoVthat the axis Gl “ee aet Screr 
coincided with the intersection cf she sures of the 
vertical and horizontal .unife oadge.:. Tne ret screws 
themselves were two incne. in Jerctcl. and wean ubey were 
tightened they provided smple restraining efToct to tne 
Lower corners of the plate. “live Wee Heer yo ee 
that the point of the sorcw met the test niace cab Mice 
exact spot opposite thse knife edges because restraint 
at any other point would introduce moment into the plats 
thus throwing off the deflections caused by the hysrc- 
static loading. 

This same procedure was followed with each thick- 
ness of test specimen and the mean of three individual 
readingsrecorded. 

The holes in the reference plate totaled three 
hundred eighty-five in number which necessitated some 
logical method of notation. The horizontal rows 
(columns) consisted of thirty-five holes and in the 
vertical direction (rows) there were eleven holese 
Therefore starting with the hole in the upper left hand 


corner of the reference plate, the holes are numbered 
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consecutively from left to right and from top to 
bottom respectively. In all readings the vertical 
coordinate is given first and then the horizontal 
coordinatee For example a point would be numbered 
11-30, 9-16, or 1-3. 

Curves of the deflection along the horizontal, 
along the vertical, and a contour of the plate to the 
interval of twenty-five thousandths of an inch were 
plotted, 

All data are placed in the form of tables with 
the vertical coordinates across the top of the chart 
and the horizontal coordinates along the side. 

There was no way to determine whether the plane 
of the knife edges was parallel to the plane of the 
reference plate. To eliminate any difficulty that 
might result from this uncertainity readings were taken 
of the plate when there was no load. These readings ~ 
gave an accurate starting point for all successive 
readings, The difference between the zero reading and 
the reading recorded under load conditions would be the 


actual deflection of the plate at that pointe 
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RES UdgaLTS 


The results of the several investigations are 
shown in the form of plotted curves so that the clear- 
est view may be readily ascertained. These curves show 
vertical and horizontal sections along lines of the 
plate spaced at two inch intervals. Also to bring out 
the dishing effect created by the hydroatatic loading, 
contours at .025" interval are also included. With the 
lower corners free, it was found that these corners 
bent away from the support. By finding the intersection 
of the zero contour with the knife edge, the limit of 
contact was established with far more accuracy than 
any other means possible using the plate and tank as 
set up. Then finally the comparison of deflections of 
the plate with restrained and unrestrained lower 
corners is made. 

It is obvious that only one half the plate width 
has beenconsidered in obtaining measurements and for 
plotting purposes. Preliminary inquiry with the 
apparatus and plates indicated symmetrical deflections 
within reasonable limitations occurred as should be 
expected and nothing could be gained over operation 


with one half plate width. 
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ITRREGUB SRLS IAS 


There are several factors which will vary the 
deflection of plexiglas and in some cases more so than 
with other materials. These variations are not herein 
presented since only the mean of several readings are 
included, but during the course of investigation small 
irregularities were observed. In some instances such 
as temperature and rate of loading the variations are 
due directly to the composition of the material. 

The effect of temperature had probably the least 
effect since the observations were all made at water 
temperature and it underwent little change. 

There was no control over the rate of loading and 
therefore its effect could not be described. References 
however, did indicate that for small loads used in 
these experiments the effect should be minor. 

The plexiglas plates were guarantced to have a 
thickness tolerance of plus or minus one onc-hundredth 
of an inch maximum, c« characteristic over which there 
was no control while measurements were made.e The fact 
that zero readings were made may have minimized the 
effect of thickness variation or on the other hand 
just as easily increased the regularity of readings. 


Lastly there is always the human error which 
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itself in this type of work. In an attempt to maintain 
control of it cach author made at least one set of read 
ings so that a better verification could be made. Thus 
it is hoped that the mean o@ the readings will tend 


to cancel the error of the individual readings, 
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Deis cUSS OF 


The results clearly indicate that restraining the 
lower corners affects the deflections of the rectangular 
Slab. 

It was unfortunate that no conception of the 
magnitude of deflection was known beforehand, and also 
that it was beyond the ability of the authors to com- 
pute such deflections before experimentation was begune 
It was intended to make similar tests on thinner plates. 
The apparatus could not facilitate them without a 
change in set-up and due to the short time for 
conducting the experiments changes were not possible. 
It was impossible to load a one quarter inch plate to 
a head of one foot since the deflections were so large 
that the plate rested on the back of the reference 
plate. 

It has been found by this experiment that when 
the lower corners are unrestrained, they pull away 
from the supports under the hydrostatic load. This 
fact makes one wonder what happens when an actual 
caisson is subjected to loading? It is not possible for 
a negative reaction to exist and yet the graving dock 
remains dry when the caisson has been floated into place 


and the dock pumped dry. Are the actual dimensions such 
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that this movement away from the support is negligible? 

Also in the analysis cosidering a negative react- 
ion to exist, the design of the structthre can be made 
accordingly. Without this reaction the deflections are 
larger but caisson failures are few and the analysis 
has been proved sufficient. It is unfortunate that this 
work can not answer these queStions; since it was 
intended to be a means of verification of the present 
analysisSe 

There are two other points which could be sources 
of error, the plastic seal and possible plastic 
deformation, In regards to the plastic seal, knowledge 
gained after completion of the work of the authors, 
is that the Englishhave worked with similar seals. 
They have found that even with the utmost care it is 
impossible to Keep a small amount of reaction from 
going through the plastic cloth and to the sides of 
the tank thus never reaching the supports for the 
platee From information available they have not 
determined the magnitude of this loss. In fact, at 
present Messr's Cahn and Atwater of the CEC are working 
in an endeavor to find the reactions as distributed to 
the supportse 

Plexiglas was used for these experiments since it 
woujJd give appreciable deflections under conditions of 


loading. It can not be stated conclusively that there 
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was no plastic defprmation but the following calcul- 
ation will show that it seems highlt improbable. 
Assuming the lower inch of the three-ecigths 
specimen is subjected to a one foot head of water as a 
load and is supported as a simple beam, the compressive 
stress at the outer fibers can be found. 
433% /- 
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Rk, =7.79* 
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At a temperature of 68 dege F. it takes a stress 
of 8600 psi 1000 minutes to produce a ten per cent 
plastic deformation under compressive stress. In 
making observations the material was never kept under 
load longer than one hour; so that it is hardly 


probable plastic deformation had any effect, 
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CGOWC LUG £ OFS 


The results herein presented can only show the 
effect of the lower corner restraint. It is intended 
that Mr. A. Amerikian and his staff will utilize this 
data to verify or improve the existing analysis as 
used for design purposes. 

in the event that it is desired to carry this work 
further ahead, there are certain modifications which 
could be suggested. Another means of reading could be 
used so that all the reaction goes into the supports 
and at the same time the overhang of the plate beyond 
the knife edge eliminated. This overhang is sufficient 
to cause a small moment which decreases the moment at 
the points where deflections are measured. 

The tank arrangement could be improved so that the 
plane of knife edges would be parallel to the reference 
plane. Of course an alternate set-up could be arranged 
for measuring so that the use of refemence plate is 
eliminated. 

The use of other materials as thin aluminmm sheet 
with better thickness tolerances. Use of aluminum may 
create less deflection than plexiglas so that it may be 
necessary to support the plate horizontally and use 
sand as a loading medium, Though differing from actual 
caisson conditions this may be a more accurate means 


of verification 
5 
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with NOTE: Due to space limitations of paper in all 
the following tables vertical rows of the reference plate 
are shown horizontally numbered 1 to 11 and the columns 
vertically as 1 to 18. Also for the same reason the tables 
of zero and off the actual distance from the reference 
plate to the specimen measurements are showm as being 

less than one inch where in reality they are greater than 
one inch; for example l-1 was measured as 1.436" but is 


is recorded here as being .456". The data in the deflection 


tables is the actual deflection. 


16 





be 
FOUWODNOUNRUANDH 


I YY 
Hm OID 


be 
O on 


I 
ox 


OO OOO OD 


al 
Le 
15 
14 
15 
16 
17 
18 


0427 
2596 
0565 
0554 
2 005 
ecle 
e209 
woul 
e181 
0 154 
e139 
» 105 
O92 
«080 
6074 
«066 
e057 
e048 


eOll 
~048 
«085 
e222 
0153 
» 184 
ecu 
©2ol 
e275 
003 
0024 
0 547 
~558 
0370 
0379 
2 087 
0097 
«409 


e 


-416 
» 396 
e 564 
soon 
» 0035 
.2l5 
0 249 
eLee 
» 198 
e174 
e153 
° 130 
e119 
e 108 
«099 
0093 
e084 
2075 


e014 
~040 
2078 
© 117 
« 146 
el75 
©2085 
«290 
0205 
on 1 
©2995 
0517 
0329 
0055 
0042 
e900 
2065 
0375 


oO 


6 411 
e 597 
» 569 
0041 
0515 
0285 
0209 
& ZOOS 
eee: 
e190 
el72 
° 154 
0143 
0153 
e 126 
okt 
e109 
e099 


0014 
«036 
© 064 
« L035 
0151 
« 160 
~185 
ol 
02005 
0 204 
el 2 
0391 
0297 
0 504 
ool] 
ool0 
© 350 
0041 


3/8 PLATE UNRESTRAINED 


4 


© 407 
0395 
oovl 
546 
«520 
wee 
0272 
0249 
«250 
e210 
0193 
e176 
» 167 
e158 
oboe 
0 147 
«139 
0133 


4 


00135 
0054 
©9509 
«098 
e115 
0157 
e 165 
© 193 
e207 
acon 
0208 
e206 
«264 
eele 
02lg 
« 284 
0291 
2 398 


Plate to Specimen 


o 


- 406 
00985 
coll 


390 | 


2028 
- 006 
«284 
© 265 
0247 
e202 
0216 
e201 
0193 
¢ 186 
odBed 
~ 176 
e169 
e163 


o 


e009 
00351 
2045 
~O81 
» 105 
~128 
« 150 
ot7e 
goy 
0195 
0213 
ocee 
250 
« 206 
240 
«249 
e202 
& 262 


6 


«406 
0091 
0077 
-062 
» 040 
O17 
e 900 
«280 
«266 
scold 
2208 
0224 
wle 
ecle 
» 208 
© 207 
~201 
» 196 


6 


©006 
«026 
0057 
064 
°090 
e L109 
° 128 
» 145 
e159 
« 169 
« 180 
o LS 
0195 
ecl2 
208 
eele 
® 219 
02c8 


17 


Fi 


0411 
56g 
» 080 
«065 
- 048 
@ 530 
©3016 
e301 
0287 
e 274 
«267 
ecov 
2200 
ecol 
0246 
024) 
0 204 
0ce7 


7 


8 


0417 
e406 
0595 
0old 
0062 
001 
0556 
eO17 
eoll 
© 505 
0° 294 
° 286 
0282 
02/8 
0ol4 
are 
oat 
© 265 


Speciman Deflection 


8 


2 


»426 
0416 
~402 
2 289 
ool? 
0065 
0° 0008 
0542 
0339 
0327 
e020 
eoel 
e516 
e510 
2 008 
+ 508 
2005 
© 303 


9 


10 li 


-456 .461 
0431 .447 
0417 .433 
0392 .409 
0582 4599 
WOO ~Ooe 
6963 .590 
B87 .393 
e000 2085 
2091 «gO 
0547 2578 
0044 578 
0541 «380 
0540 4376 
0541 2377 
0459 «380 
0556 2574 


10 Li 


»005-8004-.015-2.022-.042 
e007 -.002-.019-.,052 
©010-.007=.021-.023 


«O16 
0025 
058 
0075 
«089 
~ 107 
eizl 
e132 
o142 
~ 148 
6 156 
~ 160 
» 163 
- 164 
2 163 
ive 
@ 188 


042 


©0235 


e065, 2037 


~064 
~083 
«099 
© 102 
@ 104 
e114 
elel 
0 227 
e1idl 
e 154 
- 140 
0145 
e150 


©046 
a 060 
»070 
2075 
0078 
0085 
«087 
e092 
«096 
0095 
sO? 
- L090 
~ 107 


~005=.010 
2016 .O001 
O27 dill 
2058 .O15 
0046 .O17 
0050 .015 
0092 .O19 
0055 .015 
-959 .024 
0059 026 
»060 .024 
2061 .026 
0065 .026 
0062 .024 
~067 ~O0S2 


a- 


- 


i 


bY bt ps 
YONKHOWODNOUMhUAN PH 


bt et pS ps 
OW op 


Pb pp 
ODVIOONPHPUANHOWODNYMAOMbYND 


1 
2431 


0410. 


2 084 
0308 
0 004 
e009 
0282 
e200 
0209 
ecle 
~195 
oie 
e162 
© 147 
«140 
0454 
01350 
al27 


e005 
0034 
0098 
e122 
o 147 
, L7S 
02035 
«224 
2245 
e257 
ecl4 
«289 
e303 
a5 1a 
fos 
6 O24 
#50 


é 


2 


e421 
e409 
e382 
e506 
7Bs5 
Soe 
apec 
$eo0 
$245 
e2Lco 
6205 
8192 
6182 
8170 
- 164 
« Ler 
S150 
71535 


e009 
e02/ 
«063 
0095 
6117 
2139 
» 163 
» 167 
2 206 
e220 


e242. 


©2995 
026d 
0375 
e2t9 
2 286 
e292 
e297 


) 
0417 


0403. 


2 0835 
0 564 
0341 
2518 
° 296 
ool 
© 206 
e259 
eco 
ome 
e200 
e188 
e183 
o 177 
0174 
o EL 


3 


2008 
e040 
2061 
«080 
o 103 
olZt 
149 
»l70 
- 188 
e209 
»2cO 
e209 
e241 
e209 
0294 
e261 
©265 
° 269 


3/8 PLATE RESTRAINED 


4 


0418 
0401 
2081 
2362 
e 544 
0 526 
wee 
colt 
o 264 
e202 
0c41 
0250 
2cl9 
e208 
e202 
© 196 
~ 198 


Plate to Specimen 


5 
0412 


0402. 


#582 
oT 8D 
e047 
eoge 
or oneO 
0294 
«282 
5 2TO 
© 206 
22435 
ofa 
0229 
a2e4 
“Zee 
«220 


6 L9S «092 LO 


4 


e002 
e088 
058 
077 
e092 
wii 
e145 
e L65 
el72 
«179 
e191 
ecl4 
eLee 
a2cd 
e200 
e205 
«200 


D 


«0035 
»OLL 
e049 
«069 
»085 
» LOZ 
Bi2d 
« 140 
» 148 
157 
«167 
- 180 
«186 
e193 
e199 
e203 


6 


»407 
e401 
#008 
gone 
so50 
2 040 
4526 
wo 
6504 
4298 
»278 
«BOO 
e209 
ecol 
«266 
e249 
3247 
0 246 


6 


2005 
0016 
0038 
#052 
068 
«086 
« 100 
» 114 
» 119 
0133 
«148 
2154 
«156 
elo? 
«164 
ol TO 


7 


406 
2400 
2 086 
2585 
«060 
2 048 
e0co 
20Le 
«020 
2 504 
wa 
285 
-e78 
02lo 
Hele 
eovl 
2 269 


7 


.008 
2013 
~035 
.049 
~ 060 
aO7EL 
~082 
2097 
~097 
.096 
109 
123 
129 
2136 
2139 
142 


8 


e406 
e401 
0093 
wool 
go7 1 
sour 
eoee 
e 534 
520 
0547 
2029 
ola. 
© 006 
eo01 
«299 
~298 
4298 
298 


Specimen Deflection 


8 


~007 
Ole 
0024 
e052 
0045 
e058 
«064 
«089 
©0635 
«O60 
e088 
096 
e102 
- LOS 
elie 
oils 


0205 .174 ,143 .116 


207 


2 198 


18 


» 146 


otis 


9 


~405 
04035 
0095 
soo 1 
2 080 
0374 
- 068 
3008 
0365 
20635 
~3a9 
0 556 


00k 


0028 
socal 
0326 
2020 
2020 


«008 
eOll 
0017 
©025 
0052 
0037 
0045 
» O60 
00435 
e042 
069 
O72 
e075 
0078 
2083 
20S 
e084 
e085 


LO 


405 
e406 
2099 
209d 
e 086 
0 382 
poll 
» 069 
etd 
»483 
OL 
0009 
eOeO 
swore 
oa de 
MOTO 
ewod 
2 049 


10 


0009 
e 006 
e009 
«O16 
e022 
e027 
0052 
«040 
0057 
e022 
0035 
0047 
3049 
e049 
0052 
e051 
0052 
e004 


Aa 


e410 
6412 
~406 
6406 
oood 
4593 
ool 
«3590 
iSs88 
eoo4 
e 485 
O82 
ool 
~ 584 
6 Jeo 
3 084 
2 084 
ool 


di 


«009 
0003 
e006 
e908 
0013 
0017 
0017 
e017 
©0118 
2020 
021 
e020 
0025 
«020 
0018 
0019 
e020 
eQZs 


es 
“? ‘ 
a 
ane : @ - we vw * 
e * 
* 
s ? 6 o a e . ’ 
. 
. 
e o € = 
e a o a 2s - . a o 
~ 
* e . 5 . . « 
. 
« ° » ° L~ . * ° = 
> 
~ 
. 
i e = : ° ie . « 
¢ = » 4 
s ° * 
5 ° e oi 
ee 
¢ 
* ‘a 


va 


“ 


eo 


j~ 
OVO ONOUPUAD eH 


bt pp 
Oi O10 


be Ee 
OM ~IO 


OONOOL AN & 


L 


0428 
«420 
e411 
0 596 
8082 
0569 
e309 
0542 


e029. 


e015 
0005 
0295 
2283 
ecle 
ecld 
«268 
«269 
e262 


e008 
0024 
0041 
e060 
0074 
©087 
» 107 
e116 
5 2s 
0143 
e150 
p £957 
~ 168 
0178 
e181 
© 184 
189 
e195 


ra 


0428 
«412 
0407 
© 099 
e085 
2068 
e309 
0542 
0550 
2018 
e507 
0290 
288 


» 282 
2278 


ger} 
0cl4 
0276 


2002 
0024 
0038 
2056 
0067 
20835 
6096 
6110 
el2i 
0132 
e141 
e152 
e157 
e161 
olGid 
eLl70 
0 l73 
o 174 


o 


0418 
°411 
2402 
0592 
e 580 
e568 
eo07 
0346 
0555 
0004 
© S15 
© 006 
wco9 
0295 
287 
oc8l 
« 280 
e 286 


o 
2007 


0022. 


e050 
e052 
0064 
0077 
«088 
0098 
- LO9 
e120 
« l2e 
e139 
0142 
0 144 
e150 
e157 
e159 
0154 


1/2 PLATE UNRESTRAINED 


4 


0415 
0407 
0097 
2090 
o 084 
eole 
e066) 
© 548 
0357 
e020 
2518 
ed12 
© 506 
« 500 
0297 
0292 
eeol 
0 290 


4 


0905 
e022 
0054 
0049 
00035 
e061 
2076 
0094 
e099 
«106 
odd 
e120 
0137 
« 150 
0133 
© 139 
e140 
e141 


Plate to Specimen 


o 


°410 
0407 
0090 
e 589 
0019 
0O72 
° 3635 
0504 
0 044 
0004 
0026 
e018 
ed12 
© 007 
» 307 
©0005 
ongc 
0297 


8 


6 


0413 
~407 
0 096 
2 590 
0 585 
0574 
00695 
0007 
0546 
0007 
0504 
0029 
0020 
eol4 
0514 
ed15 
e 508 
° 504 


6 


e 005=-,.001 


0031 
e042 
0052 
0062 
aor) 
e080 
086 
00935 
2099 
~105 
« LEO 
ells 
116 
» 120 
el27 
0128 


e010. 7003 ® 


2025 
0036 
0039 
0052 
eO61L 
e068 
0077 
©0835 
0084 
087 
0095 
e LOO 
© L035 
e104 
e113 
e120 


9 


7 


~413 
0410 
»399 
2 089 
0082 
0578 
mooe 
© 565 
0000 
0048 
e Oa 
2 040 
©9090 
©0300 
» 500 
0026 
0024 
025 


7 


8 


0417 
«409 
©4035 
0397 
° 589 
2081 
0079 
° 066 
0065 
0 009 
©9085 
0047 
0 049 
0045 
0 045 
0 542 
» O41 
0 540 


Specimen Deflection 


8 


0427 
0417 
408 
» 400 
0095 
- 588 
2082 
eoll 
0O72 
» 068 
2569 
064 
0508 
eool 
edolL 
2900 
0006 
e006 


9 


10 


0456 
~424 
0414 
7404 
«400 
0597 
0091 
2085 
» 080 
0578 
0O76 
0574 
0 O75 
2» 069 
2572 
soe 
» 370 
0067 


LO 


if 


0 459 
0435 
©4295 
0417 
©410 
0096 
°402 
2099 
0 596 
e092 
0092 
00985 
eool 
- 588 
- 088 
~o9l 
e589 
2 587 


Ld 


@ O0Ol-=- 2004- eO1l4= e02e= s 022 
700472005" e01L2".020 
e005= @ O06= e 013 
6003-2007 


2018 
0052 
00358 
0041 
0051 
e009 
064 
~068 
2069 
0075 
2079 
0084 
2091 
«088 
«090 
e092 


eOle 
e020 
0027 
0054 
0041 
e050 
2048 
2048 
0054 
«060 
0063 
»066 
e069 
0071 
00735 
e075 


e012 
0019 
0025 
~O029 
20355 
©0356 
2037 
0041 
0044 
«049 
e055 
0052 
0092 
0005 
eQo4 


e008 
e012 
e018 
e024 
gozy 
e027 
«036 
e032 
“Oo 
«032 
2044 
e052 
20354 
2036 


e000 
«O12 
2007 
2008 
e010 
e012 
eOll 
009 
2013 
e016 
0014 
eOl2 
eO15S 
eQ2O 





PT eee 29-23 
he € pall: 


tél ee Lisav ve = | 









’ sdb), i 
hey ~ ehieeey lindo si 


ce eeechien Ma ; 
b Mipssaes 











| bs fan 7 | Orrin? 
ea ! SedAA Ad - ° + + bird 

| My | »> al y ) 

| liek ad 

- weet 






5 a 
vy 






: ae fF, 


bh 
YVRFOWODYNOMHUhADH 


OMON OO WD 


1 


0427 
0429 
0419 


+2410 


4035 
eo9ol 
#585 
4508 
e006 
0347 
® B40 
e020 
woOLS 
© 505 
poOd 
e298 
«296 
0 294 


«009 
e015 
0053 
2046 
9095 
0065 


0O74. 


e090 
e101 
eildO 
e119 
el27 
«136 
e145 
0149 
0154 
o158 


. 2 164 


2 


0425 
0426 
0419 


0412. 


0401 
e091 
¢ 080 
0568 
e009 
edol 
© 540 
0529 
eol9 
e010 
» 009 
e507 
0507 
©5095 


e005 
e010 
0026 
0037 
©048 
«589 
e071 
e084 
00935 
e099 
« 108 
©4118 
o 126 
0133 
0 154 
«136 
9 140 
0145 


3 


0420 
e421 
0414 


0406, 


© 598 
e 088 
2578 
eO7l 
0561 
0595 
0 044 
0555 
e320 
0o17 
2514 
eSll 
e SLO 
309 


oO 


e005 
2012 
e025 
2058 
e046 
0057 
«067 
0073 
©0835 
e089 
« LOO 
alle 
eo 1L16 
e120 


eco 4 


127 
wlio 
e131 


1/2 PLATE RESTRAINED 


4 


0415 
0416 
2409 
24035 
0094 
« 086 
0579 
ele 
0065 
e008 
0 044 
2 066 
0528 
© 520 
ed19 
e516 
0014 
2514 


4 


0005 
2013 
e022 
0056 
0045 
0047 


e058. 


0070 
e079 
0079 
«087 
e096 
e103 
e110 
elit 
ells 
e117 
e126 


o 


e411 
0413 
e406 


@ 400 ¢ 


00935 
0 087 
2 080 
0074 
0 567 
2o6l 
0500 
0 059 
00900 
soe 
e320 
0020 
2 320 
e518 


o 


e004 
soll 
«020 
e051 
»046 
0047 
e060 
0063 
e066 
2075 
0084 
e089 
0095 
«098 
2 lLO2 
e105 
e1ld 


6 


«409 
e410 
2 407 


7 


© 407 
© 405 
0099 


6402228596 


0594 
« 586 
0582 
0076 
0069 
056) 
0505 
0 349 
0544 
~541 
e007 
0095 
e550 
0 900 


6 


20035 
e007 
0014 
e924 
0037 
e040 
0044 
2049 
0004 
e059 
e065 
0O71 
O71 
00735 
© O80 
«086 
goon 
0094 


20 


009] 
0 587 
2082 
0 O79 
0d72 
© 566 
« 560 
0504 
eool 
0 049 
0045 
0041 
0 040 
0357 


7 


2007 
e008 
0018 
0Q25 
2035 
0052 
0039 
0043 
0047 
e050 
2054 
e059 
gO68 
e065 
2069 
00735 
2074 
0078 


Plate to Specimen 


8 


°405 
e404 
e099 
0395 
0595 
» 087 
0082 
2 084 
0ol4 
¢ 069 
0065 
0362 
0507 
ed04 
0000 
0502 
2 Sol 
2 500 


Specimen Deflection 


8 


e008 
e009 
e016 
e022 
0028 
»028 
00354 
0037 
0057 
0059 
0042 
0045 
2051 
0059 
0058 
e061 
©0635 
0065 


9 


0403 
° 4035 
0098 
0 094 
0592 
0595 
0588 
00935 
« 580 
ool 
0375 
© 069 
0065 
» 560 
0561 
0 064 
05635 
2064 


e010 
eOl] 
0015 
e@ 018 
«920 
e018 
2055 
0028 
0028 
0038 
0055 
0039 
0042 
2046 
0Q45 
0043 
0046 
0046 


10 


0402 
0099 
0098 
0595 
0 094 
0094 
0093 
0099 
e590 
© 589 
0379 
0076 
0O75 
2575 
eon 
007d 
0 375 
0 O74 


LO 


O12 
e013 
eQ10 
0014 
00135 
e015 
0016 
eO16 
0017 
0016 
0027 
e950 
0031 
2028 
e050 
e031 
e950 
0039 


11 


© 400 
0 4035 
e405 
0401 
0402 
oo99 
0098 
0 599 
0598 
0 099 
0099 
0095 
00935 
eo9l1 
0595 
0095 
0095 
0394 


11 


0014 
eOle 
«909 
«009 
«008 
eOl1 
«O10 
e008 
~008 
e905 
O11 
e007 
eOll 
0013 
«009 
© O10 
eOllL 
eOle 








:' 
es ery 


si’ 
ae igi 


‘ | 





‘¢" ANAM dived, 





Pe 


sill 


‘4 mbit ty 








vil 
iy 








i 





BGiBE 1 OE Ree 


Mechanical Properties of Plexiglas, Bulletin 


Published By Rohm and Haas Company 


Analysis Of A Rectangular Slab, A. Amerikian 


Principal Engineer, Bureau of Yards and Docks 


om 





2 


= —— 
: vv <7 
re 
oa - —— - Js) o> 
r . BY i. ae pyr" = | - a 
4+ * us ye 
b ee | 65 : Lag eS ae i 
.. “ 
a p S 


4 





ena he 


. -—-* 4 
{ P| ! ae A at > . 
a , Ba ) 
| 
Mi pet I +o =. ie. / 
f . ; } 3 ' 
a 7 ae : 
+ ? cPre , ; 
‘ L / " > ; 
- > i el a : + 
4 af, -4 “+ r 
oe Bs 
a J Ba lj 
; . 
us " . =" — — -- - e o 
i ; , ' 
' 1 3 ] 
: ’ ’ 4 
- ss ~ es =~ —_ 
, % Ant a. iy | , 
; b- , ] 
; 4 { r f 
—_ eI “ ‘er: - - - . 
" wee oa * > ; 
re f a ; 
: a , . 
. hs - 5 a = 
= = _ : ; — - —_ 
R tare Pay J ‘ 
_ + 2 ad F Ce 
§ ae - " , 
_ ~~ “ — > 6 => eed i 
4 a = s - F 
4 | na "3 ss . 
i ives 
ae " “ = 
ogee ' U 
| ’ 8 4-4 7 3 
A» ' )is a A J 
a , : \ . 
ae ; f al = - 
p . . . ihe F u 
< . = ; 
} PY Bide B 
ee | : ee 
ee ie) es : 5 
dad eee ra 
| ' 4 _ = eo 
om = a er ~ ae hs 
hs ; rthy y 
- fe = : 
i 4 ad 4 ‘ 
. Reged Bg nby vel aa led ns aes 
5 | rae bee hs a 
a oe cs 
ae | ry « H gee = = 
oa bi 3 ae pabdasanas a 
etl apt: ty 3 oa is Fee 
co * sad ’ 
a eB ry -- ae H 


(+ = . 
roe: Uae ; , 
es oe OS 
dw . nk 7 J 
2 B x a eh 
s : 2 H re} ee ae 
ve Oa a ine 8c eee pa ei 
@ 8 4 oo 7 : 
7 @ 
[eS Pi 
‘Gbpe an 
a ap 
us aa. 
se 3 ae 
aaea oe om 
ae lenin nied 
1 faye 
eae a Benn. 
a @ ‘a 
| s @ 
Bspag 
eatin: 3 
B 


‘ (eports a . 
Be ihe@e nl Sone 
allie tallies aed ek 


rer 
raitiited 


S| fs y i 
is . a , "i A 
. ; + ‘ se bey + =r | £3 " 
by ifs4 oe 3 tts F r ~ . f ’ 
oe ee | tHe ee ot oe q 4 - 1 fe 
» , abe ee = 4 ¢ am . b : 
are * ays i . = wale i es . ; 

: ad tt yt fe tes = ‘os - 

5 os 

7 r 
SSEpE UP : 
a eas zi - Aa " 
age i 
i i 
as a a 4" wh Os Sim ? 
an 
a v7 TT - 
: 
a 1 
. + , ’ 
; ' 
ae if a \ 
a ea as : s 
J e N 


saa Coa 
iy, 
| 


a 
= 


ae 
Beririaea 
cag eae, 
aa an eee 


dae 
an) = 
a 


scoreteaaat 
ps 


¥en ne a ei 

ati Les is on 

Ly ava — He a 
yaa bsee 

‘a arrssireats ie onan ee 


ee tet kale 


&£ 





Ee Rea! / fie ee : Si , 
bead (ts ie th imei a As genet att eH ton nae gee bE tena | 
Egitts ae Seelo Peet va idl eae I one i eset 


eee PE ie enon 
Be es tag od ei a eae nit ans 


































ici csi el en Gm lei 
Sd dteVertetepartagraeee (ee teed asrenen gs 
Hi Sea ad atest rceeeees Pe ae 
HEE eee ace sige ij 
Grd Hite Reine ute aa laa Ai ae 
Pe eee a May 
eer eee dese ts ee td ee Auge ii i is 
“He inate ae Eas Ht : 
eae ea ae 
a in Su Beste em ciieae H BPE efeun ivtct faved ee 
ay Saeki aae 
a elaene: fee a ea a ee 


| aa 


a # . ¥ | See Ef a 
eaeeecasas r seece 
5 =) oe 
aush t 5g es ne 
tt mae aL ish 
ae saat Paved gown ++ a 
Lt “Tt? 
fiat ae ais tri-t yet 
aan ; 
ane a om pa bE 
oS | e 





oo 
iene cane 










uf 


Sbaaa Gali ae 


eect 
SHISESHSEEZIEEE 
Ebsaes 
ute 
i = 
ee 
See 
seaed scces eal nae: 
maces ae 
rae 
ea, 
“ane es 
alien 
= 
eee 
saeSte 
i 
a 
Seti taaniis 
ears 
ooo 
ne 
ae 






= a alee! 
ERs a GEER ERE: cree 2, ene eet epee nee td sete 
Ss aang ae r/c ete eee 
ak Padgett dient gy fet eee i 
1 wee. 


nese 


Tien aut atl ay a7 7a are eee YA uae ea z. 
ay ene eis fel eerie: iAeolise esa 8 apaeate : ey : 
ate ee ie S50 ante 1 ZUNREST RA ai ca w ete 
foe eee eae iE 
Py Hae ae irre atte ae eel ape pe ae 
a ee eee ere 
Ga! Gt cecaeeanee seen a ‘ae deh Ht aa ce = ag ce 
eae BRE fit cris Saar at ete = aE roses eEretral 
iene es (ate dae (AE at ices tia ca eipe: Baeee Enea ciuedead 
epee aie a EGER tar asee eee eer atas aoe ea Pent aoe 
Buladialniei titania) dy filet cane tay Ge ee ar ae eee ee eee i 
cae ae tae Senators dene p aes ule 
een eae ae a ir a cert ee ee ime SSCSsEteg reas 
ait aera aba gece aieee ec intepestansiass ears Seite 
F.C 


(bey FE i IH EE ire iamtiae eee nea jal 


-2006 







A 

























ath 4 
wa538 


(a | 
4 
Titi 
4- £34 
- 4 
' F x 
t ; ‘ r 
p ek et bt < 
7 ca is 
ares 
~jade yy se 
jan Lad Var ah 
Sear: ( mn a F 
ae ee ; cr 
os y r 









rl ae 
cant a a 
piace 
ei ee 


ak 
eile 


chun = 
= 
~ a = 
; hl " i a @.* 8 
& » 1h $ + 7 rs rf 
Le = bene 
A 78 , F 
- nn ot — = o - 
: eT tt } . 7 Tt 
=~ -T + ea ea es ‘ ry 
op i = — ‘ “4 me 
mo ] q 
} A ae | ee re bw. fl EH bh B r 
-_ ee => > 
- a , o 4 * 
~ 7 ; . : 
i i A y er & LE 












Pee 
5 4 4 
a 





hey 

: ie a are cial 

| 
e's Alea Me 
















oe are cei 
8 


i 
ea 
ae 


a ah 
eESaCh as 
et 


2 ae 


a 






Seed ae 


. 


: sat eaeds 
aa@e 
Sosstsesspybes 


rr, : 
a att aun 
2 tf 
a”, 


saab a } aN aa 

ae N a aH 3 | 
EesVideea te (lig tt eet 
: suites ee eeataat 
z "nem . - : 


a 
GuBpar 
e e Bu 
ee 
s 
Tt a 


= 


agg PTE entices 
Seerauinn 
NE 

HER 


eae 
Su | MSGS: 
Staal 
te 


an 
can 


\ 







isan 
A 


fered ate sud fees ceeas Stas 
ccsisaes 





guseces pati 


_ 


a 
ri 





a 7 
F — > ~ 
ss 5 2 EES 
a 
o 3 = ~~ be * 
res = mst ies aes “ ¢ he aa 
} Ae aw | ree bse : . 
at +f oo a> al en 
a 
a 
sen 
5 = 


pe ae ns 
= = 
a +: 
i 
B = 
‘ 
a ie oe 
whet eel 
7a 
aay 


cS 
=F 
h i 


Benita ie 
EUS STHitatt 
He : suess 


sareses 


iE: 
. 
eg eerie 
oe 


AC 
an 


ae | 

i fe Eee tht eran eel ae 

Hel TLE ge 
i fs cna a ne Fak Ma di ae i a 

apa ae i Sale meer - Hae ie oo area esau iiaiiee 
Pmegears eitig die eae rcee ee eee 

Z rie el Fag. sittee PPE FEE ects pefeitct 

ae 


= 
ES 


ee -= é 
q iu J 
: ‘ us oo 
oa 4 Mi o s ey 
a oe 
. 44 BA 
Ce oni iael yt 
aw wy 
aare! 
a » 
3 ae 
$3 
q \ Ue we 
re Seq oust 
7-ae a 
wusae 
rT TI. 
. i : 
4 we re ae 
~ = 4 
j oo E 
7 F ioe + : 
7 { ip i 
i , A 
fl a 
ie Y a 
oan 
Rb be Ghanene: 
rt Pe { 
a > 
ee S| = x 
} ~ " a. aan a 
} : 
' x m 
" ar ies ) i 
5 awa 
a v 
an a i ‘ 
5 | a . 
e ByeRKel 
{ a = r r 
E a 
rt 
a 
. 7 = 
2 b. 
a a 
TAG 
: a+ 
x} a a 
Bw ; a 
Bae 
ag va) 
a bef I 
@ ps a 
ee | + 4 
QB > 
= _ 
eee 
cee 
2 ea 
ga et 


Paw ow 
sane ake 
4 t mn “ ; A - ie Te 
sanpas ad wesw a 2 e mt ie 
en ae " ol We | ast r a rn" a) t i rn rf a 
af Peter opr rottittie ttt Ezy cosas v3 oer: 
; ' i 
=e , s 5 oon ap ak atte coke laa 7s ape p= q + > 
a ™ i foie ‘ss » 
saa a - oon = oe 9 a me me ae — = 4 i 
‘ i » r 
@ { | % : aL Z 
5 | 2M Da &, 


HH 
ele 
i 


E 


oe 
ae 


ae 


ae Tf che i ae 2 ame a 
i ae ! aoe ee ue oe 

i see HE 
= 


Vike oa 
a a Ht ia neat saa Hath 
i ae a ace Saas HESetecats Heeegessrastost cass Hf aH sett Rite MET EE 

PALE He ane ee see ee ear 
Zo 
Se a Ge a a 
fees (aa ane a ee ee 
eee if oe eae au tet ett ae eet ee ae ee eter 
| i a ‘ht Sette itt a ce al iebicesfoastistass SEseye eoaiaass 
ee 
oe 


“Secs e2 
a a ies 
aS 


a 
a a 
2 mi A ‘ Z| i 4 
a oa , a. ~ ct 
= 








. au seaee ce grescsuriscattttstsests 
Pui cee el 
ate 
= 
Hae 


Se gee ee a a 


tis 
ducecae 


ag 


a 


dani 


es a Ye : a a setae coe aes 
1B aces eee 


= 


Riu 

Saesudscunsncubenouscap 7 

eS nT 
Stitt: foe Hai parsons 
el 


Ss auGeESapaconstcusey cobra deere 
+ r+ rry v4 ns 4. hon & na SP s 
a re j s arr ee Fi iM . ‘eee ma = B 
ms) ae ae os . * if 
a & ; $e j +- rt | yg Sa a ~ af t g 
ttt a poet het 
@ ae 2 Ba 
eactsnag eater SS eeESSECESSE: 
Sei Fras (estareaud sea sazea teastegets 
z Pe a ++ tH er Fy z a 
BRESHERES 
a 


me uses 

- 

aa yo a i aa HE ia agi a 

ae = feral uae beaten ica 

eae (eee ue ad tae 
eve Sere EERE HS ieee ore s aa 
Bel | a ates aon if ee ee 
ar iu ait ie arlat ae ae wie ane ae 
ele a i eget EH ere : . ci 
7 eee 
(tists Beau tt fh cep RN 
je oe No 


crceasauaa 
Sonas 


See 
ae 
5 deen. =e 


~ssaRee Ra —_ Saunas 
jw 


son un ete ss 


pe oH Seite 
= Satta 
i 


Souuae 
uswia 
Spaces atl in 


te 


— 


wus bead 
—m nS 
ar 


fa 
ome 


= Sige 


fe 
il 
oe | 


oe 


Beane 
Seeusduandsoense un ween aril 
uaquena 
——_ 


pene dereces 
Bene Senet posed fas 
wanesgereers 
Tsaeus 
aia his sila 


“=a HO DLE ED BEES SERS CEST SRR 


<< 


ayazereesde 


uae e 
a = Geen: 
~~~ ane oose 


i iste 


giant 
ar i 
im 


cipeae 
acao 
joer 
re gage it 
g oan i mahi 
A 
Pa 
& 
ae 


\ 


ei 


[oe 
ed iit Sa Tat Settee est cteee eect re 
isin it ah seb ices Serie eceareet seazcecs ef =e einaiaele ane spines 


ele =) 200 po 


ae 





aE Ce Oa 





ee oe bie oe see ciate 


7 


_ « rh Tt? ro t ma ' a 
a ae a ; ane. ; ai f ds ae 
Tas 2 ge Ke 2 oaews b + H 
ahunee wis henoe B ai ‘ 
eS ie < ° @ 
, ial | 
ge oT = = 6 ay : 
@ 
i —= 
c SDB ae eee , 
lad J ae 


at arerel 
ca cis wer 


a 


j q : 
i ius ; ’ P 
if *4 
m 
, : ine 
‘ier 


are 


re Se as 
a BY pe 
is eas pees: 
suerapeee ci Be 
Sia A 
ity BH ae fe ; 
= he bese 
akas es OB oe 
a pete ses 
mn ‘ ~44 
am Br 


per ees ister secre eee oa ae ne de 
eB ar EE Hie eee 2 ate of Aen, fe 
ae a aang 
jist: avis areca 
| cuit HH are Heal ue ea 
eee sere ee 


EN 
Face 


ne 
Gri. 


i 


a 
m 
vgake 
regal 


ial HIE 
; ght Pe 
ie 


im 





Sanieei tea are eee 


i 





ui 
Pesgaiteat: 


i" . 
yur 


awa : ee 
em: ae ea eee 


Sey Ss sees J : 
5 tT Qa Re TRO DEE # 
hae hit 
r i ge aauea 
& naze age z io 
aoe eu a 8 a 
1 a e gs @nea aan 
Es me gq 8 
arre we 
saan 
saa EB 
ese 
rn ' s5 


ie aA 
i 
a H 
. F , 
r Bi - - 
- : 
a _—. 4 } : 
od ‘ +46 os 
aR th Re ctigtritth 
s a it ieee § " + ‘ee = 
s i @ wp re 
8 
aa S i : 
oaa 3 @ 
ga a a s 2 a 
2 
a 
@ 


| 
Pe aniecie 7 
me eee - RE aa. 
ao oa aie 
a ae 


Pe ee 
sts iinta mbopeceaeas secestcers 

ee eee 

e aean aac oo iaeieeie ie See cencscewel s j 

yu ee Heeaeik = yee ann ae | 

ge ag eae 

a 2 Eee eae 


ee eee 
Setar tte ett 


Hp pep i : =a att 


EEE EE, 
. Gua ranevi cise 


BSaARSEESARRIERSY a 
SSURGEUEC REA ad 


Ba gee +f ces ptf SUTEEEE FoeasctspEagurtdses ghoHiaHeedee 


a 
A See Le Renee | 
Pee cep ttee tee eee eee bce Enea serie ine beri fae pritelt digeae ee 
ne Hee if SM ae hie a ceeee 4 


riage ero rs 
: a ee 
ee 


f ga aEae 
cores pumice aa iat iat rt ce 
a aie HLH aa a 
i He a ae ied as ic eee ae Ga 
va: fae : 
a ie qe ~f | Ecsta Ee fae Staats fut eae Sit 
ger gaa Mee es ee 
inn ar a iat a pistes 
re eee ane Sse tees 
ao dees i eg . 
Hy a ae oe Gate ee te drier eee ee een 


set 
cet ait at 


Hale 
Giga eo 


Bah PS 





— 
: &: 
+ aoe 
. r 





\] 


RY << Se 


i 





oem & Oe ya re eee pee ! Lm @ 
if 1 u ¥ a x + 
4+ : r Pa 
leant ‘ 4- : 
P rn =. A 
4 s - 
F z 
poaene $e ateg -] 
roar’ beans th 
mae ase ime Bt a ee > 
aS ee E ee ag i a 
a son t aa ae 
ea ; 


es RSHSEsECa tes 
Se 


si: 


: 
Ble surat 
| ee er 
Scepaegs rose eesrssesuenaee tee pee 
ea F He ipa anit 
ECTIG - wens eoe, SoBe Sain BEER 


5 


=a 
wee 
> Seoee 
1oaa sue 
ett eS 
a a + ae 
ea 
aga 
Geugzebea 


‘i i cae Snes 
fd dae ee ial 
. fo 

Ee it Fite ict eee jase ett 


: iene ie e fhe ste pestie 


anaes 
ie 


Hee Reg 
+ bat 
za an 
e 
. BR 
FE 3 
see 


am 


sees He 


= = 





0 
. 
0) 
0 
RAT as Roam sds paaee 
3 i ‘ 34 Serta ae 
wy 
8 
> 
5 











B a = 
: an - : 
Me: ; 

ttt yy 
a54q. 
a 
e > 
- . 
pe 4 ry 
. - 
Sn > 
ea ‘ a 
8 7 


Sl cjes eer cP one fae Ot 
1” 2 RESnee ane i o tb 
' “Tt , 
soaed Sates AERSS ee] 
PT etter 


fe 


ie "ates ers CPEs ogess Foase 


can 
ee 


sied 
oa 
He 


eae 
Cae eo 
oa 
i 


ot 


Dis 
Sattiet ate 
iar 


3 

F 

ae 
a5 


See 
See ree 


oe 
guededcccste 


aed 
Bsesedea. 
aa 4 
Banu BR B 
i rH 
Steer teas" tears 
pel 
e Bah 


Ee 


AD e. yRae 
\ , oe} 
a + s oe 
) : the a -~ 
i ib : 
- im 
3 
Sete 
—= wi 


AE 


ail 
/. 
inte 
tre 
is 


emai 


hd 


meg Ge 
Hue 


a 
a 


a 


ase 
oe Hi 


an 


sisvaspers 
abes 
44 


svaageee Guanes 
wha SeEeEe 
See wy OO BEY 
ucerhee 
: e 
an 
ett os anuga 


eae Se ws On| 
Br 63a 


n Ss 
: 
a ~~ o 3 8 7 e t J, 
: ' o ry 
, ‘alae te 7 a Po tet tne pee: sae aet , atte © | 4 
- 5 CO ite to to a7 Si wees AFB C8 pc c be bg ome 
a ? aan waa Mths aiere sf oad die co os ane - : 


nepen sang 


: ’ 
Ei Pi 
i 


a 
eases 
Heine 
antes 
ma 
maa abet 
“7 it 
ei 


=a 
Se Hittin 
= 
a aS 
ses ea erent nioiiaiis 


a i 


oo 
: 
INIDE « 


: a 
seeece 
ira 
arts ae rpcssagazeisi 
ei 


-~ 


bane teat || 


3 
H ; a 5 secundcause 
aaee ce 
cig as 


hae oan 
4 Sees 
zt 


Hiuenategier 


se 
Paice 


an 
a 
Pape ; a ‘i 


Pau 
eee eA ta at 


ie a Sees Setar 
tial a ) Ts eS 


Ee oe aeeone = ote 
eERE vet oe eN Sebel. elt 
; al ii Ga sii: eras reed fst tet Ea Hine umeen net Bit 


S88. eveewwe ca ee 


ne a 
he SSheaee 
sen “=n aw Rt! 

P| as ll 

i. = 4 

~ ‘ « 

Pal & a 


fen 


6 
, ; 


- 4 








a va A ee EE TE ce aah: eae a 
ie Otscs] tied aA a me = = 5 sia aa Sa 
perieeeiier aiae: 
fae fee eran NOTION 
Bese. a eee jee eae eee aes 
re 1 es nn pa a 
ee aH Bae 
ar Aaa ete tae a 
eee ee 


ae ea eam mE 
sae one 





ec 


‘Su 





HEE Hii 
si 


a rma woe 

a FR 6S 

B Li. z 
Ba a a 
soeSeess 

HS SG Beg age 


tre 
u 


seecserecessees] 


eer os 


= oe . SG BEBE 
aae 5 sGecekinoad da 
@ é 


as 


dAtcey Heer Aesas tees aastisee 
He a nna 


aeaeseeneae 


Seapnesceze 
Sites saest 


ceend sarees SHeas saewe 


eee 


E 


He 


a B as i ps a P 
; ! Aehe eye ow: 
H } 2 @ SF. 2h 2a an we 
«. 7 ae 4 a a ee Bg 3 
oo s £4 = pw} - n 
- | - i - B 
ae 1 > | 1 ‘ a a a 
Bes a Eassgeun a 
! f 1 a a 
a ws 5 Ranbaws Bi} BD aun 
a a J ee a i Sapua a a 
@ aa een SeSEan 8 eua EBGOB a 
i gs a 22 aR Eeenpen ss a Bw 
S a I BSB OR a 6 
om an t 
a otss a © f 


a 


a eS amy 
+ ae 1 Re | 
pdastan es 
a 
a a a 
— 5 
BR 5 a 
ae 
weeps 
fi A | 
a = mem 
ase a 


— 


o a 
vuuee ~— 
i 

= 

a 


sre 
it =. 
sso 


Ee 


aa 


aeaeDe casey 
eas asm 
aiases aaa sas reef oet = 


"Su dase 
= Steric senna: 
ase ad 
ea +. 
sau aease salen 


i: a ae et Hues 


— 


sce 
a8 i 


aerate 


ue coe i 


eeaeas ipseieas stasis SHORT cieeaenente 

a ie amar fete 

Es ecu a mele yN 2 
fs a RE “eH ei 


coat 


ae tt 
ae: ac tie 


a 
er 
ae 
= ty 
Trt 


Mi - 
+ ae 
i 


i H 
) 


Seats aint state 
sodesserseroseitossefes 


ts ae ei. ie : 


santa 


Ff... 


eel 
WE ee 
ae Heine 


on 
Becese waa sat: ween 


cE eeintirs SrEEESErEHE HE: | aoa Ree Eee 


HH bs sae 


ceases HH eee a Hi pet alee 
Bn 


inne ao 








nf 4+-b4- 









pense 
ist 
ot 


= 


is 
(aman OM nea Re 


oe 
i ms 





cue ae a a 
ie eee 
oe ee 


ee 


ee 
Seneceen aera aee 


ae 
petit: 








a 
annees 
HEE ete teaasanet oth 


iecans 





aie 
carat a! 
eae 
cue Pea gtat 


CEE si pexsccvccase ine 
Rogge Senges aE Eiait See 
Sect trys 





an 
ae 
‘a8 


a 


coe 
nn 
te" 


sarcaa! 
oe 
ire 


BL 










(in eeueniait 


pices 
ae 

ite 

# aa 
Hai 





Pia ie ft 2 are Pe tit: 

Eo Ae vee et 
see ae MN a a Hg 

euaD cece eee ae Bice 

| aoe eee eae 

Wis eee Be me ae 


ARs Haneec lett ease oo fii 
oe AL mule 2 ee 
a eee ee ip aac a Hee ae =e 

i Be eae ae i Fee Hl ina ae i Seti Hi cacti 9 Wit 
Berea te ante ieee Se He ae a a. 

co el uc ie Bae ate ee tise tne Ger di Ie el crete . a oS 

Bi ibe sis nia ose ete cee scegrvegcaecameee eee eg eae meee ceetttess aceecewy SHUT ee 

de. 

Bia gui Bit ea ead to aie i ee . 

if cee tT peaeee imine sa Hiatt ‘aa eat 

Eger ce ge tee eect ut ee vente eat EE ae ae ae ee 

Peat cairn ial eaaE a Sine neae En Hiatt coat leniot 

ee Meroe eae ers teereeeee eects oe Heit igs Se na aren SRE 

Bleaict Sees en onda 

eoeeeee ate ie ee ae ee 
See reece a iiss Hen canta aaa eee etiat eH oe eee 

Ares ens ear ee Bidtuatit ae Hime 

Ae Tt eae oe te Fe ee 
eS an a Hed eaten ee its nee Ab ct ane ea eee 


” @ v rc ad .) 










































aa5 ae 


+ oe 
i. al tT 
rm H rant ws 
oe 
ar j a 
e et e~ 
oon ane 


= So i 
a 5 ‘aan 

$F - 4 = : “a 
2 r : 7 Gu at an + = 2 " 
a ’ 2 
a 7 _- 4 ; oar i 
ag Y oe Sal 2S a -4- a 4 ~ 

Dad a = a 7 = - - 

_ | “ “ 
pws | 





aaa 


: sf 2 soit Eris 2 mene 
: aitenfiieat tag settee si aoe cane mean ie eae He . 
yas SLE EES ey 


a ea te 
5 sipeteiieis po nar sree 


auc recscenaer scaze 


Hae 

sa a woe 
: EE suittee | 
aot ie 


tie 


' 
faa ge 
Ssaasaveg vueres 
‘ 


i 
ara 


a 
Ee 


wee 
HH iin 
wacee 


Seteees 
ace 


er 
sy 
a 
+] 
spans 
aakue 
atin 
cee 
seuss 
es 
Ht 
aan 
iii: 
itis 
seme 
pauecaey 
tiie 


i 
ners 
cr : 
secs 
steybreae 
We 


Srrresseie sera Hi iF 
ee a Hee (iit ae 


al 
Se eee ee : 
ie we 
: a a 


s resads 
wage Cocos sneesnas 


a 
as 
oe 
= 


rH 
a 

aaa 
fun cee 


itn 





rn 
Seast 
Ga a eA 
Be Ba woe eB 
& & & an ra 
ag Bee i a 
a a oa s 
j oe 
sauw @ 
Vy hi * 
ga gauge o 
oe : SUCLR TE 
i <= 


corscdsss fcecsrcndosesseaars 
bases 


sesvers is 
Bane tauee 
Senaete 
ah. 


li 
seers 
saad 
iene 
sii 
aa 
ie = 
eeraafiaes tect 


ae 
a 
ea 
aangee HE 
aaa 
PtH 
aa S 
EHERE 
sis 
esses! 
S 


Sa 
ee 
EE 


Ee a me ae ce Le vito denuperiie 
Maes Sette at ae ae er eed a art 
: eeibegtitegiticat EE aties sss ar le Pe suecet 
ao cir aa cla eee ee ae a dl 
(oe es 
6800 ee eee 
Rte et ce etreteeee ce dite Sau ci sii te BEB Ke 
Hetasnpeucuniltuccee aur area a ee senile 
ea may sraael aac aetna ae ie a 5 Getter t 
ae ee 


: EST Gee area cari aig sieaiie ey a iE ; el 
imate eset SAU eae ene Tipe Rie eee 


se 


sierra |e ae 
Serer a alae A 
Spread oazssteesuuseceossereesasziaeaceaatescosss eed Wnaa eeeetazedtreas settee eae lets 
ite felt Ba eine he 7a nai ee Lane iraipesgiis eieaiia ie 


5 





















Sitiate He canes 
ae 


So eege 
ae ucts 
states 


ee 


aves ; 
abi 
Piaf 


Ei 
ae a 
ee 


i Feit i 
ie i au 
feces 

, at 
Beane 
ies: 
a 
a 


ee 
pepe faa 
same 




















Thesis 





Livingstone 
AUTHOR 


0N 








